Introduction
Genus Aeromonas comprise non-motile psychrophilic and motile mesophilic Gram negative bacteria Human demand for seafood has nudged the and include 15 species, being distributed ubiquitously aquaculture industry to establish as a major source of in aquatic environments and are of increasing excellent quality proteins and healthy oils by intensive importance as seafood and waterborne pathogens [2] . and semi-intensive culture methods, with production Seven species causing gastroenteritis in adults [3] and reaching almost 50% of the total fish production in children [4] , cellulitis [5] and septicaemia [6] are including marine and freshwater species for human cause for human concern. They have also been consumption [1] . Aquaculture farms, associated implicated in peritonitis, meningitis and eye infections mangroves and seafood are prospective reservoirs of on rare occassions [7] . In addition, Aeromonas species pathogenic bacteria and these realms play significant are also etiological agents of fish diseases like roles in ecological and epidemiological studies.
furunculosis [8] , septicaemia [9] and skin ulcers [10] . Seafood harbours pathogenic microorganisms due to A. hydrophila, and A.caviae are considered major the texture of their flesh and also their microbe laden pathogens most commonly implicated in human habitat. Contaminated seafood and their products intestinal infections [11] and also account for more therefore pose health risks to consumers.
than 95% of all blood-borne infections [12] . Pathogenicity by A. enteropelogenes is attributed to the production of enterotoxins in humans and in fishes [13] . A. aquariorum was the first species to be isolated from ornamental fishes and is associated with suspended in TE. The concentration was estimated diarrhoea, bacteremia, wound infections and other spectrophotometrically and appropriate dilutions (50-100ng) were used as template for PCR reactions. extra-intestinal infections [10] .
Mesophilic species, namely A. hydrophila and A. 16S rDNA sequence analysis: Identification of the veronii, cause an assortment of diseases in fish, Aeromonas strains was done by analysis of partial 16S including motile Aeromonas septicemia (MAS), fish rDNA sequences. A portion of the 16S rRNA gene rot, soft tissue rot and furunculosis resulting in major (1.5kb) was amplified from the genomic DNA [16] [17] [18] [19] die-offs and fish kills around the globe [5] . Epizootic using a set of primers (F 5' AGTTTGATCCTGGCTCA ulcerative syndrome (EUS) in fishes due to A. sobria 3' and R 5' ACGGCTACCTTGTTACGACTT3') caused great damage to fish farms in Bangladesh and targeting the 16S rRNA gene. Products after PCR India [14] . Most Aeromonas species are psychrotrophic amplification were purified by gene clean kit and can grow at refrigerator temperatures, replicating (Bangalore Genei). The products were sequenced by at high salt concentrations [2] and preservation techniques Sanger's Dideoxy method using ABI 3730 Excel and seem ineffective in inhibiting the replication of these the identity of the sequences was determined using strains, which can multiply in packed food products BLAST [20] . and those under refrigeration. Aeromonas infections
The phylogenetic tree was constructed using the are probably the most common bacterial diseases to Neighbor-Joining method [21] . The evolutionary infect tropical fishes and prawns, with disease outbreaks distances were computed using the Tajima-Nei method being increasingly recognized as a significant
[22] and evolutionary analyses were conducted in constraint on aquaculture production, export and trade, MEGA5: Molecular Evolutionary Genetics Analysis consequently affecting the economic development of (MEGA) software version 5.0 [23] . Statistical support the sector in many countries.
for branching was estimated using 1000 bootstrap Recognition and monitoring of the potential steps. reservoirs of pathogenic bacteria and their drug the pathogenicity of the isolates [25] . Isolates were also Sampling and processing: Squid, prawn and mussel checked for growth on thiosulphate-citrate-bile-salt samples from the local fish market, water and sediment sucrose (TCBS) (HiMedia Laboratories, India) agar samples from aquaculture farms and their associated plates. mangroves along the coastal area of Cochin were Antibiotic susceptibility tests: Pure cultures of the collected. All samples were collected in sterile isolates were grown in Luria Bertani broth and polythene bags and processed within 2 hours of resistance profiles were determined by the Kirbycollection.10 gm each of seafood and sediment sample Bauer disc diffusion method [26] . A single colony of were aseptically inoculated into 90 ml of alkaline the test strain was transferred into 3 ml normal saline peptone water for enrichment, after which 1 ml of and turbidity adjusted to 0.5 McFarland's standard. The enriched culture was plated on Nutrient Broth agar bacterial suspension was swab inoculated onto (HiMedia Laboratories, India) plates by the pour plate Mueller-Hinton agar (HiMedia Laboratories, India) method at regular intervals of 4 hours. The plates were plates. Antibiotic discs (HiMedia Laboratories, India) o incubated at 37 C for 18-24 hours and isolated colonies used were Gentamycin (10µg), Streptomycin (10 µg), were picked, purified and stored.
Ampicillin ( The Multiple Antibiotic Resistance (MAR) Index of an ammonium bromide (CTAB) in 0.5 M NaCl was added o isolate was calculated using the formula a/b, where 'a' is and the mixture incubated at 65 C for 10 min. The the number of antibiotics to which the isolate was aqueous phase was treated with double volume of resistant and 'b', the number of antibiotics to which the phenol: chloroform: isoamyl alcohol (25:24:1) and the isolate was exposed [27] . BTMU3 and BTSQ13, aligned together to form a The distribution of the Aeromonas species in the distinct group. studied samples is given in Figure 1 . The highest incidence of Aeromonas strains was in prawns Morphological and Biochemical Characterization: The followed by squid and aquafarm sediments. Only one biochemical characteristics of the 15 aeromonads are strain each from mussel and mangrove sediment were given in Table- 1. All the isolates were Gram negative, confirmed as Aeromonas sp. A. punctata and A. caviae catalase and oxidase positive, Voges-Proskauer were identified from squid, A. enteropelogenes and A.
negative, able to tolerate 3% NaCl in the medium, hydrophila from prawn, A. caviae from mussel, A.
ONPG positive, ornithine negative and fermented hydrophila from mangroves and A. hydrophila and A.
sucrose and glucose irrespective of the species. They aquarorium from aquafarms. Among the isolates, A.
exhibited variations with regard to the other properties hydrophila was the predominant species followed by tested like utilisation of arginine and citrate and A. enteropelogenes.
carbohydrates like mannitol, salicin and cellobiose. 16S rDNA sequence analysis: Phylogenetic With regard to the utilisation of arginine by the isolates, relationship based on partial 16S rDNA sequences of variations were observed between strains of the same the 15 isolates of Aeromonas is represented in Fig. 2. species. All strains of A. enteropelogenes were able to All the strains claded together separated from its utilise arginine except strain BTPR7 from prawn. Both outgroup in the phylogram. Within the major clades, strains of A. caviae, three strains of A. hydrophila and alignment was such that the sequences of the same two strains of A. punctata tested negative for arginine species aligned together, exhibiting the relatedness utilisation whereas A. aquarorium was positive. Five were sensitive to all the classes of antibiotics tested hydrophila and A. aquarorium exhibited β-hemolysis except vancomycin. A.punctata strains BTSQ9 and in the form of a clearance zone in the blood agar plate BTSQ10 from squid, were resistant to nalidixic acid whereas A. caviae and A. punctata developed green and vancomycin, while BTSQ7 was sensitive to all colouration showing α haemolytic activity. All the tested antibiotics. Among the A.caviae strains, isolates were able to grow on TCBS agar plates BTSQ13 from squid was resistant to ampicillin and producing yellow or green coloured colonies.
vancomycin whereas BTMU3, the only isolate, from mussel exhibited multiple drug resistance to Antibiotic susceptibility tests: The antibiogram of the ampicillin, nalidixic acid, vancomycin and rifampicin. Aeromonas isolates revealed the diverse pattern of A. aquarorium (BTMA8) from aquafarm was resistant resistance to vancomycin (86.66%), ampicillin to ampicillin,vancomycin and co-trimaxozole. (46.66%), nalidixic acid (20%), tetracycline (6.66%),
The antibiogram of the 15 isolates of Aeromonas co-trimaxozole (6.66%) and rifampicin (6.66%). All is represented in Table- However, microheterogeneity of the 16S rRNA gene mussel [32] and their potential as health hazards when can interfere with the proper identification of species [38] and additional molecular methods can be associated with aquaculture settings and seafood employed for unambiguous identification and [12,33] have been well documented. In South India, description of new species [49] . The intraspecies the prevalence of Aeromonas in drinking water [34] , diversity based on partial 16S rDNA sequence analysis finfish and prawn [35] and ornamental fishes [36, 37] was observed in the variations in the biochemical emphasise the need for the surveillance of this reactions and antibiotic susceptibility of these strains. pathogen in the environmental reservoirs.
Aeromonas species demonstrate marked The present study analysed three tropical differences in their susceptibilities to antibiotics and seafoods (squid, prawn and mussel), aquaculture and are generally considered resistant to ampicillin [50], mangrove environments to reveal varying degrees of tetracycline and vancomycin [51] ; sensitive to Aeromonas contamination and incidence.
cephalosporins [52] and nalidixic acid [2] . A. Molecular identification by 16S rDNA sequence enteropelogenes has sensitivity to β lactams [13] and analysis is a valuable tool in identification of Aeromonas species [38] and has been adopted in this our results substantiate this. A. punctata strains in this study. The isolates were assigned to five species, study were also ampicillin sensitive, exhibiting 100% namely, A. hydrophila (33.3%), A. enteropelogenes sensitivity to gentamycin, streptomycin, co-trimoxazole, (26.6%), A. punctata (20%), A. caviae (13.3%) and A.
trimethoprim, cefixime, azithromycin and chlorampheaquarorium (6.6%). The dominance of A. hydrophila nicol, the results being nearly in accordance with prior in seafood samples over other species is in accordance studies [51, 53] . Resistance to rifampicin and with earlier studies [39, 40] , where it was the tetracycline exhibited by two strains should receive predominant species in the fish samples analysed.
ample attention because these are antibiotics Though considered a common inhabitant of healthy commonly used in aqua culture settings in developing fish [41] and aquatic system [42] , A. hydrophila is also countries and has a higher risk potential due to lateral an established opportunistic pathogen infecting fish gene transfer [50] . Analysis of the antibiotic profile of a and man under physiological and environmental stress species is significant as it aids in the design of culture [40] . A. enteropelogenes was isolated from prawn in media for selective isolation of species. this study and has been reported earlier from prawn According to Matyar et. al., [54] , MAR index cultured in concrete tanks in Saudi Arabia [43] ; also an values >0.2 indicates existence of isolates in high risk opportunistic pathogen with the same pathogenicity contaminated source with higher frequency of the use factors and enterotoxin production as featured by A.
of antibiotics while values <0.2 is indicative of the hydrophila [4] . Squid isolates were A. punctata, a lesser application of antibiotics. The higher MAR species associated with human gastroenteritis and fish index exhibited by 20% of the isolates indicates the septicaemia [44] .
need for the judicious use of antibiotics as therapeutics A. caviae, associated with gastroenteritis in and as prophylactic agents. humans [11] and ulcers in fish [45] , predominant in There has been a substantial increase in seafood faecal polluted water [46] , fresh water fishes [40] and consumption in the developed world on account of the ornamental fishes [47] , was obtained from squid and better taste, nutritional quality and medicinal mussel in this study. A. aquarorium, of epidemiological properties associated with seafood and its products. significance as reported in clinical specimens from Kerala, being one of the premier fish producing states Malaysia [48], was isolated from aquafarm sediment in in India, holds a major position in Indian seafood this study. A. aquarorium was reported to be pathogenic exports. As the major quality criteria for seafood export to man and fishes causing bacteremia and wound is the biological status of the resource material, presence infections [10] . The production of hemolytic toxins has of pathogens and concentration of aquaculture drugs been regarded as strong evidence of pathogenic like antibiotic residues, hormone and pesticide potential in aeromonads and the property of hemolysis residues, can pose health risks to consumers of fish and on blood agar is directly related to enteropathogenicity fishery products. Food safety regulations have been [2] . β hemolysin has been characterised in A. hydrophila, imposed in the industrialized markets and non-A. caviae and A. sobria [31] and α hemolysin in A.
adherence to these as well as the stringency of food hydrophila [11] indicating their pathogencity. The high safety regulations cause huge losses. Furthermore, frequency of hemolytic activity among Aeromonas outbreaks of bacterial infections in aqua farms also strains isolated from the various samples is indicative lead to substantial economic loss to farmers. of the pathogenic potential of these strains and further
The prevalence of Aeromonas species in the characterisation of virulence factors are to be done to aquatic environment has been recognized as a potential establish their degree of pathogenicity.
health risk and understanding the natural reservoirs of The phylogenetic and evolutionary relationship Aeromonas will help in developing methods to monitor among the 15 species of Aeromonas elucidated using and control these bacteria in seafood, aquaculture the partial 16S rDNA sequences and species level settings and associated mangroves. identification was possible without ambiguity. 
